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Abstract
In this paper, I investigate the general formatted formula of the Environ-
mental Kuznets Curve and develop a hypothesis at the same time. I use
China Prefecture City level panel data on Industrial Sulfur Dioxide, Dark Par-
ticles, and Waste Water emissions to estimate several Environmental Kuznets
Curves. I use the parametric method and semi-parametric method at the same
time. The Smoke and waste water emission’s results of two methods do not
match each other. In contrast, sulfur dioxide, are economically significant and
coincident between two approaches.
ii
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1 Introduction
Beijing has become a well-known city recently, due to its rapid economic develop-
ment and the high levels of particles that make up the now infamous smog over
the city. Facial masks and lung health problems are the first images when thinking
of Beijing or China. As the reports on the newspaper became prevalent, people
recently focus their eyes more on the air pollution and development. Beijing is not
alone with this problem, when we look back the history of all economics, no matter
which country, there always is a period when heavy pollution occurs during the
development of countries from a more primitive economy to a more refined type.
As the economy grows, especially industrial sector, increasing pollution is of-
ten emitted to the environment. Every company or firm will emit pollution while
producing, such as power plants and steel plants. As the production increases,
more pollution will be generated as a by-product. These pollution emissions will
gradually accumulate in our environment. The environment can take and dis-
solve part of the emissions, but there is a limit for the environmental to process
pollution man-made or natural. When industrial discharge over the self-recover
ability of the natural, extra pollution will accumulate. At the same time, environ-
mental quality will deteriorate gradually. If the human emits more than natural
self-recover limitation, the emission over that limitation will negatively impact our
environment. That deterioration of our environment not only hurt the animal and
ecology of the planet but also hurt human beings. Worse environmental quality
makes citizens exposed to a larger risk for disease. Also, pollution will reduce the
production efficiency of agriculture. As the pollution’s effect to the ordinary life of
citizens continued, people gradually become aware of the problem of the pollution
and began to consider pollution as a factor in their economic life.
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As mentioned above, Beijing and China are not alone among the history. If
we looked through the history, we could find that there is a period of almost ev-
ery economy when their pollution is very high. For example, London used to be
called “fog city” because of the high levels of contamination in the air of London in
1960s; A chemical fog disaster happened in Los Angeles in 1943, etc. These are the
result of development without taking the environmental pollution as a cost into
consideration, or developing without regulation. As health problems caused by
pollution increased, people notice that the environmental pollution also should be
considered in our social cost. Economist regards the damage as an externalization
of production. As a result, seeking social rather than individual efficiency in the
market become the standard for a nation’s leader.
In 1993, Krueger and Grossman first carried out the relation between Pollution
and GDP. As their paper shows, the relationship performs as an inverted U-shape
curve, which is similar as a Kuznets Curve. Later, scholars define this curve as an
Environmental Kuznets Curve(EKC).
After Kruger’s paper, many scholars kept testing and developing the Curve,
including Chinese researchers and Chinese Environmental Kuznets Curve.
Most of the researchers are using provinces (states) data or just focus on one
state’s cities-level data for analysis. It is rare for researchers use cities among a
whole nation cross years to do a study in this field. In this paper, I use a finer
prefecture-Cities level data rather than Provinces level data of whole China. With
this finer data, it is possible to develop a more accurate and general relation be-
tween Pollution and GDP. Factoring out the region effect and time effect is pos-
sible as well. With finer data, we could add more drivers to reduce the effect of
Heterogeneous. These will also be a reference to Chinese government decision
and regulation.
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2 Literature Review
Environmental Kuznets Curve refers to an inverted-U shape curve between pollu-
tion and economic development.
Grossman and Krueger (1993) first mentioned this curve in their research about
trade analysis between U.S. and Mexico. They plotted pollution and GDP per
capita on a graph and found that the curve is the inverse-U shape. They also
regressed quadratic parametric models. The first mention of the name (Environ-
mental Kuznets curve) is in a research of Panayotou (1997). After that, the EKC is
widespread among the environmental economics.
2.1 Mechanism Development
After EKC had come out, plenty of researchers followed Grossman and Kruger and
did further research to explore the inner mechanism of this phenomena. Grossman
and Krueger (1993) first illustrated that scale economic, technical improvement
and industrial structure transforming will be the three essential elements consid-
ered. Later, Lopez (1994) claimed that if a producer takes the social cost of the
pollution(externality) into their total cost function, only technology and prefer-
ence can affect pollutions. In the same paper, he demonstrated that Environmental
Kuznets Curve bases on various preference assumption.
In Lopez’s research, he mentioned that preference will affect the EKC. To in-
vestigate if the producers’ preference can affect pollution, Selden and Song (1995)
used optional pollution and capital stock running a regression. As a result, they
found that the relation is positive. In other words, a more developed country will
choose more abatement and release less pollution.
Scholars developed detail about it later. Some try to find the relation while
3
others explained it by changes in demand. They see environmental quality as kind
of luxury good, which demand elasticity will increase as the income increase. In
other words, people care the environmental quality as they become richer.
Some related the curve as a result of regulation. They claim that the regulation
will be stronger as the income increasing. And in that way, we can decrease the
pollution by a more robust regulation. This also is considered as one reason why
the EKC shows in an inverted U-shape Curve.
Also, resource market mechanism will be seen as another perspective that peo-
ple used to develop as one explanation: With the developing of the economics
and using the natural resources, resources became rare and drove the price goes
up. Thus, a higher rate would reduce the demand for the natural resource, and
decrease the pollution caused by resource refining and using.
2.2 Testing Story
After Grossman and Krueger (1993), researchers tried to test the Environmental
Kuznets Curve. Most of the trials found the same or similar result as Grossman
and Krueger’s. But as the theory developed, results referred that the Environmen-
tal Kuznets Curve varies from countries also shows the different path for various
kinds of pollution measure.
Stern (1998) tested different types pollutions Environmental Kuznets Curves.
He found that inverted-shape only shows in part of the pollution measures. In
other words, not all the pollution measures perform an inverted U-shape relation
as the economic developing. At the same time, many other researchers also used
different types of pollution to develop EKC. They found different shapes of EKC
such as U shape, N shape, increasing line, decreasing line, etc.
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Another perspective that people aimed is how the curvature of the inverted-
U shape relation varies. According to most of the available results, there are lots
of drivers inside the economic can affect the curvature degree and the form of
the EKC. Panayotou (1997) found that public regulation would reduce the deteri-
oration rate at a low-income level and enhance the decrease pollution rate in the
higher income level. That is same to say: with public regulation, the Environmen-
tal Kuznets Curve will be flatter and more curved. Panayotou is not the only per-
son who focused on that. De Bruyn (1997) also found a strong positive effect of the
environmental policy to Sulfur Dioxide pollution. What is more, many researchers
found that other factors rather than government regulation also will change the
curvature of Environment Kuznets Curves.
2.3 Data Resource And Methodology Development
Grossman and Krueger (1993) used cross-city data in their work which first men-
tioned the Environmental Kuznets Curve. Scholars later who tested it mostly used
the cross-country data resource from an organization called Global Environmental
Monitoring System (GEMS).
De Bruyn, van den Bergh and Opschoor (1998) estimated time series models
with the data from Netherland, Germany, the U.K. and the U.S. Their results shows
that the economic growth has a time effect-excluded positive effect on emissions
of carbon dioxide, nitrogen oxides and sulfur dioxide.
Later, people began to apply penal data to the regression, after they realized
that there is a region effect also affecting Environmental Kuznets Curves. But all
these model is still based on a parametric model. In another word, before we
regress the relationship, we need to assume or set a model first.
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Recently, researchers started to think if it still will have the same result with-
out set the model before. For this reason, scholars are enthusiastic using a non-
parametric and semi-parametric model to regress the relation between pollution
emission and economic development.
3 Model
3.1 Parametric
Same as what the most researchers did, I keep the basic Quadratic model of the
development. Furthermore, I add cubic term, region effect and time effect in the
model as well. The function is listed below:
Pct = β0 + β1yct + β2y2ct + β3y
3
ct + γt + γc + εct (1)
Pctis the pollution per capita in year t of prefecture city c
yctis the GDP per capita in year t of prefecture city c
γt is time effect term
γc is region effect term
εct is the error term
At first, I am going to check the conduction of Kruger’s result, in order to see
if that result will be statistic significant without region effect. So, I would like to
pool the data together and run a simple quadratic formula regression with three
industrial emissions.
Second, according to previous results, the relation between some types of pol-
lution and GDP per capita will be Cubic. So I will add the cubic term into the
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previous model and test again.
Third, I conclude the region effect term into the model. And then I use the fix
effect method to do the regressions.
Fourth, I believe there is a time effect which also will affect the pollution emis-
sion. So, I will include time effect and test the relation.
Finally, I will include both time effect and region effect, doing the regression.
3.2 Semi-parametric
Recently, semi-parametric method and non-parametric method is popular in this
topic (EKC). I also use a semi-parametric model to figure out if it is still shown as
the same relation as what we found in the parametric model.
Without setting a model first, we could receive more accurate result using none-
parametric model. But there are some factors can affect the industrial emission
other than GDP per capita. So in here, semi-parametric model will be a better
choice.
In the semi-parametric model, I will run a regression of emission pollution with
time dummy variables and region term ( fix effect with time dummy variable).
And then I will use the residual of last regression as the new dependent variable
to GDP per capita.
3.3 Education
As I mentioned before, some factors, which cause a heterogeneous problem, might
drive our result away from what it is like. Education is one of them. Education
relates to GDP: Higher education the labors receive, more efficient they would be.
That is to say, that the education is positively related to GDP per capita.
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Education will also relate to the emission. I believe that higher level of the ed-
ucation labor received, less pollution will be released. That sound not plausible
at first. But if we regard the household as the producer as well. More the edu-
cation they received, then they will be aware their pollution cost more. In other
words, they are more willing to account contamination in the production. Also,
as a consumer, with more education, they will know which production is more
green and friendly to the environment. People have a tend to perform better or
environment-friendly in the pubic according to the public pressure and human
nature. So if people willing to buy more environmentally friendly products, they
drive the whole industry to the structure which is more environment-friendly or
‘Greener’. In a word, education would have a negative relation with pollution.
4 Data Resource
This paper uses several sets of panel data about 291 cities in China through 10 years
(2003-2013), including industrial emission of SO2, industrial emission of smoke, in-
dustrial emission of wastewater pollution, population, GDP, the number of student
enrollment (Primary, Middle, University).
These data sets are recorded by ‘CHINA CITY STATISTICAL YEARBOOK’.
This yearbook is published by National Bureau of Statistics of the People’s Repub-
lic of China.
The finance statistics in this yearbook are collected through accounting meth-
ods. Most of the data is reliable, because if the companies or individuals cheat and
try to avoid taxes, they will be punished heavily by the government.
I would like to illustrate the method of the pollution measurement. China is a
big country, it seems not to be very easy to measure these statistics in detail. Here
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I will demonstrate in the follow paragraphs.
All the statistics related to pollution used here are industrial emissions. Ac-
cording to the official statement of National Bureau of Statistics of the People’s
Republic of China, more than one measure methods of each statistic are used in
collecting the data.
These statistics and methods are list below:
Industrial Emissions of SO2
In this measuring process, we use data taken from monitoring devices as the pri-
mary source. Every factory in China is required to install a monitor to measure
SO2 emission density and emission volume. Each season(3 months), plants have
an obligation to report the data to the local Bureau of Statistics. The local Bureau
of Statistics then calculates the total volume and mass of pure SO2 emissions. To
make sure that factory reports the real emissions, the Bureau will randomly send
investigators to the plant and check the density and volume each season. If the re-
sult departs significantly from factory’s self-reporting, this plant will be fined and
overseen.
To make sure the result list above is accurate, the Bureau will also roughly
calculate the emission of SO2 through the input showed on accounting record.
A coal-fired power plant, for example, will record how much coal used in their
accounting book. Employees of Bureau can use the coal’s average composition
to determine the content of Sulfur and roughly calculate the total mass of SO2
emission.
If the results of these two match each other, Bureau will record the monitor
data. Otherwise, they will weight them together and record the weight mean in
the yearbook.
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Industrial Emission of Dark Particles
Similar to the SO2, emissions, they use the data from on-site monitoring devices.
The only difference from measurements of SO2 is that when we calculate the rough
emission from the input, they will use the average burning efficiency. As known,
the dark partial is most produced by burning. We could use the burning effective-
ness of the firm to infer what the data we are supposed to observe.
Also, the government will check the self-report emission by random-selected
day to avoid factory submitting fake information to the government.
Industrial Emission of Waste Water
They use the data obtained from monitoring devices combined with random in-
spections. At that time, they calculate the emission of each hour, and weight it
with the factory’s produce force(%) of the monitored day. Then they use the data
to calculate the monthly emission rate. The monthly emission is then multiplied
by 12 to find the yearly emission of the factory.
5 Results
In the data, There are three measurements of pollution: Industrial SO2 emission,
Industrial smoke emission, Industrial waste water emission. So, I would like to
display and sort the results by these three measurements.
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Table 1: Parametric Model Of Industrial Sulfur Dioxide Emission.
OLS FE FE with Time Effect
(1) (2) (3) (4) (5) (6)
lggdp 2.845*** 18.814*** 3.207*** 9.185*** 2.368*** 7.146**
(0.457) (5.291) (0.272) (2.768) (0.286) (2.775)
lggdp2 -0.117*** -1.726*** -0.163*** -0.765*** -0.117*** -0.598**
(0.023) (0.532) (0.014) (0.278) (0.014) (0.279)
lggdp3 0.054*** 0.020** 0.016*
(0.018) (0.009) (0.009)
y2003 0.177 0.161
(0.115) (0.115)
y2004 0.251** 0.233**
(0.103) (0.103)
y2005 0.398*** 0.380***
(0.094) (0.094)
y2006 0.420*** 0.403***
(0.085) (0.085)
y2007 0.401*** 0.388***
(0.073) (0.074)
y2008 0.345*** 0.336***
(0.064) (0.064)
y2009 0.288*** 0.282***
(0.058) (0.058)
y2010 0.254*** 0.253***
(0.050) (0.050)
y2011 0.316*** 0.320***
(0.044) (0.044)
y2012 0.257*** 0.263***
(0.042) (0.042)
Constant -5.023** -57.525*** -4.028*** -23.705*** -0.603 -16.242*
(2.265) (17.477) (1.339) (9.164) (1.524) (9.163)
N 3119 3119 3119 3119 3119 3119
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.139 0.142 0.047 0.048 0.091 0.092
adjusted r2 0.138 0.141 -0.051 -0.050 -0.006 -0.005
Notes: GDP1=log(GDP) GDP2=GDP*GDP GDP3=GDP*GDP*GDP. y2003-y2012 is Time
Dummy Variables. t statistics in parentheses. * p<.05, ** p<.01, *** p<.001.
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5.1 Industrial Sulfur Dioxide Emission
5.1.1 Parametric Model
As shown, graph 1 is the result of the parametric model of industrial SO2 emission.
Through left to right, the result comes from a simple regression of quadratic model;
a simple regression of cubic model; a quadratic model with fixed effect; a cubic
model with fixed effect; a quadratic model with time dummy variable and fixed
effect; a cubic model with time dummy variable and fixed effect.
Compared with each other, we can see that the quadratic model fits the SO2
emission better, which is the shape that inverted-U shape Environmental Kuznets
Curve should be. All the linear coefficient is positive and quadratic coefficient is
negative. If we go further to detail, we could find that the constant of fixed effect
model is more statistic significant than the simple regression. With this clue, we
could make a conclusion that for the quadratic model, fix effect model does a better
job about reveal the relation between the industrial SO2 emission per capita and
GDP per capita. The region effect term is statistic significant. In other words, for
the different city even with the same GDP per capita, SO2 industrial emission per
capita will be different.
Furthermore, I include time dummy variables in the fixed effect model. Com-
pared this result with the barely fixed effect model, it shows that most of the time
dummy variables are statistic significant. At the same time, R2 is doubled as well.
In other words, the industrial SO2 emission will change as the time goes by even
with the GDP per capita unchanged.
So as far as I have discussed, it can be concluded that there are a region effect
and time effect in the relationship between SO2 industrial emission and GDP per
capita. So, fixed effect model with the time effect will be better to use when it
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is required to reveal the parametric relation between SO2 Environmental Kuznets
Curve.
After SO2’s region effect and time effect are proved to be statistic significant,
then I would like to focus on if the model is a Quadratic or Cubic model. Based on
the Quadratic fix effect model with time dummy variables included, coefficients of
the quadratic and linear term loses their significant at the same time after adding
the cubic term. But they still have statistic significance at 0.05 level. That is not
enough to say that the relation between SO2 and GDP is quadratic rather than
cubic. But there is a possibility that the cubic term significant comes from the
quadratic term and linear term.
5.1.2 Semi-parametric Model




     
	

  
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From the curve of the result of SO2’s semi-parametric model, it is clear that
the line will fit the quadratic model better than the cubic model. And the semi-
parametric result suggest that compared with a regular quadratic model, the sum-
mit of the curve will last for a period rather than decrease immediately. So we
could say it is more similar to a quadratic model rather than a Cubic model, but
not exactly a quadratic model. That is helpful to figure out the problem we can not
decide from parametric model.
5.2 Industrial Smoke Emission
5.2.1 Parametric Model
Table 2 is the result of parametric model of industrial smoke emission. From the
left to the right, the results are listed as the same order as SO2. In total, it looks not
very clear about the shape of the result. The coefficient is not very significant. The
symbols change with different models.
When goes to the detail, the result of the simple regression shows the quadratic
model is statistic significant at 0.01 significant level and cubic model is significant
at 0.1 significant level. But when time effect and region effect involved into the
model, the linear and quadratic coefficients lose their sadistic significance. Instead,
time dummy variable and constant take over the statistic significance. That is to
say, GDP per capita have a very slight effect toward the change of smoke emission
from the result of this 10 years panel data.
The significance of coefficient shows in the simple regression, because that both
GDP per capita and industrial emission of smoke will change over time and re-
gions. So previously, the coefficients of OLS model is statistic significant.
To prove that, we should combine the result of the semi-parametric model to
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Table 2: Parametric Model Of Industrial Smoke Emission.
OLS FE FE with Time Effect
(1) (2) (3) (4) (5) (6)
lggdp 1.641*** 11.553** -0.514 -2.529 0.148 -0.587
(0.475) (5.479) (0.324) (3.265) (0.330) (3.183)
lggdp2 -0.064*** -1.063* 0.028* 0.231 -0.011 0.063
(0.024) (0.551) (0.016) (0.328) (0.017) (0.320)
lggdp3 0.033* -0.007 -0.002
(0.018) (0.011) (0.011)
y2003 -0.260* -0.258*
(0.133) (0.133)
y2004 -0.175 -0.173
(0.119) (0.119)
y2005 -0.077 -0.075
(0.109) (0.109)
y2006 -0.101 -0.099
(0.098) (0.099)
y2007 -0.214** -0.212**
(0.086) (0.086)
y2008 -0.314*** -0.313***
(0.074) (0.075)
y2009 -0.422*** -0.421***
(0.069) (0.069)
y2010 -0.459*** -0.459***
(0.059) (0.059)
y2011 0.172*** 0.171***
(0.053) (0.053)
y2012 0.069 0.068
(0.050) (0.051)
Constant 0.850 -31.729* 13.125*** 19.756* 10.602*** 13.010
(2.349) (18.094) (1.590) (10.807) (1.750) (10.508)
N 3070 3070 3070 3070 3070 3070
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.069 0.070 0.002 0.002 0.102 0.102
adjusted r2 0.068 0.069 -0.103 -0.103 0.004 0.004
Notes: GDP1=log(GDP) GDP2=GDP*GDP GDP3=GDP*GDP*GDP. y2003-y2012 is Time
Dummy Variables. t statistics in parentheses. * p<.05, ** p<.01, *** p<.001.
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investigate what the residual distribute among the GDP per capita.
5.2.2 Semi-parametric Model
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The curve of the semi-parametric model can be divided three periods: 1. a U
shape curve; 2. a flat line; 3. a gradually decreasing curve. This result suggests
that the relation is not a typical inverted U-shape curve. But in total, the trend
is noticeable going down finally. If we ignore the first period, we could believe
that the relation also follows the traditional Environmental Kuznets Curve. The
reasons why smoke emission deviates from EKC from my perspective are list as
follow:
First, this problem is from data. If we look carefully at the curve, we can fig-
ure out that most of the points are concentrated in the middle (period two), except
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several points, distribute in the period one and three. Especially period three, only
three points distribute around the decreasing curve. So, from the result of semi-
parametric regression, it is possible the industrial emission of smoke is holding
constant or follow an inverted U-shape rather than an oscillation curve. That in-
ference is also coincident with our parametric result: only the constant term, time
effect term, and region affect term are statistic significant.
Second, the period is not long enough. The curve is oscillatory as discussed
above. But the data only cover 10 years of development (2003-2013). Consider-
ing the truth that most of the GDP growth comes from the service industry after
the year 2003 in China, it would have a better result if ten more years data were in-
cluded in this regression. In another word, if 20 years data instead of 10 included in
the regression, the result of semi-parametric might shows in an inverted U-shape
relation.
Third, the relation between industrial smoke emission and GDP per capita is
like what semi-parametric result suggested. The inside mechanism of industrial
emission depicts the relationship like this. About that reason, I will discuss later.
5.3 Industrial Waste Water Emission
5.3.1 Parametric Model
Table 3 contains the results of parametric regression about industrial waste water
emission per capita to GDP per capita. From left to right, the results is ordered
as same as SO2’s and Smoke’s results. The symbol of the linear term coefficients
is positive and quadratic term coefficients is negative. That is coincident with an
inverted U-shape.
As the result of simple regression performs, the Cubic model fits the relation
17
Table 3: Parametric Model Of Industrial Waste Water Emission.
OLS FE FE with Time Effect
(1) (2) (3) (4) (5) (6)
lggdp 1.354*** 18.062*** 0.857*** 4.443** 0.746*** 3.165
(0.357) (4.128) (0.204) (2.074) (0.219) (2.120)
lggdp2 -0.039** -1.723*** -0.041*** -0.402* -0.029*** -0.274
(0.018) (0.415) (0.010) (0.208) (0.011) (0.213)
lggdp3 0.056*** 0.012* 0.008
(0.014) (0.007) (0.007)
y2003 0.149* 0.141
(0.088) (0.088)
y2004 0.157** 0.148*
(0.079) (0.079)
y2005 0.195*** 0.186***
(0.072) (0.072)
y2006 0.182*** 0.174***
(0.065) (0.065)
y2007 0.172*** 0.165***
(0.056) (0.057)
y2008 0.117** 0.112**
(0.049) (0.049)
y2009 0.066 0.062
(0.045) (0.045)
y2010 0.060 0.060
(0.038) (0.038)
y2011 0.078** 0.080**
(0.034) (0.034)
y2012 0.023 0.026
(0.032) (0.032)
Constant -0.049 -54.983*** 4.998*** -6.802 4.893*** -3.027
(1.768) (13.637) (1.003) (6.867) (1.164) (7.000)
N 3125 3125 3125 3125 3125 3125
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.228 0.232 0.012 0.013 0.020 0.020
adjusted r2 0.228 0.232 -0.090 -0.089 -0.084 -0.084
Notes: GDP1=log(GDP) GDP2=GDP*GDP GDP3=GDP*GDP*GDP. y2003-y2012 is Time
Dummy Variables. t statistics in parentheses. * p<.05, ** p<.01, *** p<.001.
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very well. All the coefficients are statistic significant at 0.01 level of significant.
But when the region effect term is included into regression, the Cubic model
lose statistic significance while the quadratic model becomes more statistic signifi-
cant as a consequent. What is more, quadratic model’s adjusted R square is bigger
than the cubic model’s adjusted R square. It is the same as that including in Cubic
term seems not to help explain the industrial emission of waste-water.
The consequence after we include both the time effect and region effect is sim-
ilar to fix effect model. We could find that the quadratic model is better than the
cubic model with time effect term and region effect term.
And also, it is evident that the constant is positive and statistic significant. That
is to say, when GDP per capita is zero, the industrial emission of the waste water
should be a positive number. That seems not make sense. But it does not need
to make sense, because, at the beginning of a country’s development, there must
be a positive GDP per capita rather than zero, no matter how poor the country is.
The intercept of an Environmental Kuznets Curve itself has no sense because no
country can achieve GDP=0. So, we don’t need to think about if the positive make
sense. I am more willing to explain the intercept as a math factor which decides
the location of the Environmental Kuznets Curve.
19
5.3.2 Semi-parametric Model
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The curve listed above is the result of the semi-parametric regression of the
industrial waste water emission per capita to GDP per capita. That curve shows a
different result compared with the parametric result which I talked about earlier.
To describe this curve, I separate the curve into three terms: 1. Inverted-U shape
curve before Log GDP=8; 2. A constant flat line from Log GDP=8 to 12; 3. a
decreasing line after Log GDP=12.5.
In total, the curve can be described going up first and then keep going down at
a very slow pace.What is more, the curve is flat. That is the reason why the result
of the parametric quadratic model is statistic significant.
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5.4 Education
Education can affect the industrial emission. With higher education, people willing
to buy an environmentally friendly production, reduce the demand for the indus-
trial emission as a result. At the same time, higher education help keeps faster
technology innovation pace, increasing resource using efficiency. In other words,
less pollution will be produced with the same outcome (GDP). In these two ways,
higher education will reduce industrial emission. Also, education is a factor which
can affect the income also (GDP per capita). That is to say, if education is not in-
cluded in the model, it will cause heterogeneity. According to all talked above, I
decide to include the education in the regression.
In order investigate how the education affects the Environment Kuznets Curve,
I choose student number of primary school, middle school and University as a
standard to weight the education level of every Prefecture City. Primary school
student and middle school student can be seen as a local education level without a
doubt because all the students are local. Here I will mainly argue why University
student number also can reflect the local education level.
University students usually are seen as a moving population of a city for the
reason that most of the students come from out of the prefecture city. For that
reason, people may think the university students number can not reflect the level
of the local education. But, most college students will find a job and settle down
in the city after graduated from the University. That implies most of the univer-
sity students will become one of the citizens of the city after graduate. Also, the
university students will spend most of the year in the city, participating the eco-
nomic activities. University students call for professors and staff who has higher
education than high school teachers. More undergraduate students in a city, more
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teachers is required to work and live in the same city. All these reasons illustrate
University students number can be counted as a measure of higher education level
in that city.
The results are list as follow:
The pollution variables in the result have the same measurement as before.
’Lgu’ is the difference between log University student number and log population
20 years ago. ’Lgp’ is the difference between log primary school student number
and log population 8 years ago. ’Lgm’ is the difference between log middle school
student number and 14 years ago. Exceeding the population 8, 14 and 20 years
ago is for the purpose to remove the effect of the population change to school
enrollment.
5.4.1 Industrial Sulfur Dioxide Emission
In the regression, I separately include University, primary and middle school vari-
ables. The result listed above reveals that only primary school students enrollment
increase will cause emission of the SO2 decrease. On contrast, an increase of uni-
versity and middle school enrollment will increase the industrial emission of the
SO2 emission. That result is opposite to what I expect previous.
What is more, on the absolute value I found that the primary school adverse
effect can be canceled by middle school. That is to say, along with people receiving
higher education, more SO2 will be emitted to the environment in total.
5.4.2 Industrial Smoke Emission
Because it is not obvious if the industrial smoke emission follows the quadratic
model, I include education in both quadratic and cubic model. Comparing these
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Table 4: Quadratic Model With Education Of Industrial Sulfur Dioxide.
(1) (2) (3) (4) (5) (6)
lggdp 3.207*** 3.238*** 3.037*** 3.161*** 3.007*** 2.963***
(0.272) (0.287) (0.283) (0.271) (0.295) (0.293)
lggdp2 -0.163*** -0.166*** -0.156*** -0.156*** -0.157*** -0.150***
(0.014) (0.014) (0.014) (0.014) (0.015) (0.015)
lgu 0.071** 0.073** 0.055
(0.034) (0.034) (0.034)
lgp -0.182** -0.260*** -0.301***
(0.081) (0.082) (0.081)
lgm 0.430*** 0.438***
(0.065) (0.066)
Constant -4.028*** -4.336*** -3.492** -3.034** -3.629** -2.674*
(1.339) (1.398) (1.359) (1.338) (1.413) (1.409)
N 3119 3015 3118 3118 3015 3015
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.047 0.052 0.049 0.061 0.055 0.070
adjusted r2 -0.051 -0.049 -0.050 -0.036 -0.045 -0.029
Notes: GDP1=log(GDP) GDP2=GDP*GDP. t statistics in parentheses. * p<.05, ** p<.01, ***
p<.001.
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Table 5: Cubic Model With Education Of Industrial Sulfur Dioxide.
(1) (2) (3) (4) (5) (6)
lggdp 9.185*** 8.831*** 9.462*** 5.816** 9.268*** 5.780**
(2.768) (2.833) (2.768) (2.801) (2.830) (2.864)
lggdp2 -0.765*** -0.730** -0.804*** -0.424 -0.789*** -0.434
(0.278) (0.284) (0.278) (0.281) (0.284) (0.288)
lggdp3 0.020** 0.019** 0.022** 0.009 0.021** 0.009
(0.009) (0.009) (0.009) (0.009) (0.009) (0.010)
lgu 0.073** 0.075** 0.057*
(0.034) (0.034) (0.034)
lgp -0.196** -0.273*** -0.306***
(0.081) (0.082) (0.081)
lgm 0.418*** 0.425***
(0.066) (0.067)
Constant -23.705*** -22.750** -24.644*** -11.794 -24.245*** -11.973
(9.164) (9.382) (9.167) (9.297) (9.375) (9.509)
N 3119 3015 3118 3118 3015 3015
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.048 0.053 0.050 0.062 0.057 0.071
adjusted r2 -0.050 -0.048 -0.048 -0.036 -0.044 -0.029
Notes: GDP1=log(GDP) GDP2=GDP*GDP GDP3=GDP*GDP*GDP. t statistics in parentheses.
* p<.05, ** p<.01, *** p<.001.
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Table 6: Quadratic Model With Education Of Industrial Smoke Emission.
(1) (2) (3) (4) (5) (6)
lggdp -0.514 -0.741** -0.818** -0.568* -1.030*** -1.079***
(0.324) (0.345) (0.334) (0.323) (0.354) (0.352)
lggdp2 0.028* 0.039** 0.040** 0.035** 0.050*** 0.057***
(0.016) (0.017) (0.017) (0.016) (0.018) (0.018)
lgu 0.030 0.032 0.015
(0.040) (0.040) (0.040)
lgp -0.340*** -0.342*** -0.376***
(0.095) (0.097) (0.097)
lgm 0.400*** 0.417***
(0.077) (0.079)
Constant 13.125*** 14.116*** 14.066*** 14.112*** 14.974*** 15.928***
(1.590) (1.680) (1.608) (1.594) (1.695) (1.696)
N 3070 2966 3069 3069 2966 2966
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.002 0.003 0.007 0.012 0.008 0.018
adjusted r2 -0.103 -0.105 -0.098 -0.092 -0.100 -0.089
Notes: GDP1=log(GDP) GDP2=GDP*GDP. t statistics in parentheses. * p<.05, ** p<.01, ***
p<.001.
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Table 7: Cubic Model With Education Of Industrial Smoke Emission.
(1) (2) (3) (4) (5) (6)
lggdp -2.529 -3.615 -2.017 -5.937* -3.061 -6.715*
(3.265) (3.381) (3.262) (3.310) (3.378) (3.425)
lggdp2 0.231 0.329 0.161 0.576* 0.255 0.626*
(0.328) (0.339) (0.328) (0.332) (0.339) (0.344)
lggdp3 -0.007 -0.010 -0.004 -0.018 -0.007 -0.019*
(0.011) (0.011) (0.011) (0.011) (0.011) (0.011)
lgu 0.029 0.032 0.012
(0.040) (0.040) (0.040)
lgp -0.337*** -0.337*** -0.366***
(0.095) (0.098) (0.097)
lgm 0.424*** 0.443***
(0.078) (0.080)
Constant 19.756* 23.574** 18.011* 31.829*** 21.660* 34.530***
(10.807) (11.198) (10.799) (10.985) (11.189) (11.370)
N 3070 2966 3069 3069 2966 2966
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.002 0.004 0.007 0.012 0.008 0.019
adjusted r2 -0.103 -0.105 -0.098 -0.092 -0.100 -0.088
Notes: GDP1=log(GDP) GDP2=GDP*GDP GDP3=GDP*GDP*GDP. t statistics in parenthe-
ses. * p<.05, ** p<.01, *** p<.001.
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Table 8: Quadratic Model With Education Of Industrial Waste Water
Emission.
(1) (2) (3) (4) (5) (6)
lggdp 0.857*** 0.919*** 0.840*** 0.841*** 0.894*** 0.877***
(0.204) (0.215) (0.212) (0.204) (0.222) (0.221)
lggdp2 -0.041*** -0.042*** -0.040*** -0.038*** -0.041*** -0.038***
(0.010) (0.011) (0.011) (0.010) (0.011) (0.011)
lgu -0.031 -0.030 -0.038
(0.025) (0.025) (0.026)
lgp -0.019 -0.028 -0.045
(0.061) (0.061) (0.061)
lgm 0.163*** 0.186***
(0.049) (0.050)
Constant 4.998*** 4.682*** 5.053*** 5.374*** 4.757*** 5.158***
(1.003) (1.048) (1.019) (1.008) (1.061) (1.064)
N 3125 3021 3124 3124 3021 3021
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.012 0.015 0.012 0.016 0.015 0.020
adjusted r2 -0.090 -0.090 -0.090 -0.086 -0.090 -0.085
Notes: GDP1=log(GDP) GDP2=GDP*GDP. t statistics in parentheses. * p<.05, ** p<.01, ***
p<.001.
two different results, the quadratic model with education is statistic more signifi-
cant than the cubic model. So I chose the quadratic model as the reference to reflect
the effect of education on the emission of smoke. But no matter whether the cubic
term is included, the University enrollment does not have a significant effect on
the smoke emission while middle school education has a positive effect and pri-
mary school enrollment has an adverse effect on the smoke emission. The symbols
of education effects are similar with industrial sulfur dioxide emission.
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Table 9: Cubic Model With Education Of Industrial Waste Water
Emission.
(1) (2) (3) (4) (5) (6)
lggdp 4.443** 4.784** 4.481** 3.230 4.840** 3.419
(2.074) (2.124) (2.077) (2.109) (2.126) (2.162)
lggdp2 -0.402* -0.432** -0.407* -0.279 -0.439** -0.295
(0.208) (0.213) (0.209) (0.212) (0.213) (0.217)
lggdp3 0.012* 0.013* 0.012* 0.008 0.013* 0.009
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
lgu -0.029 -0.029 -0.037
(0.025) (0.025) (0.026)
lgp -0.026 -0.036 -0.049
(0.061) (0.062) (0.062)
lgm 0.153*** 0.175***
(0.050) (0.051)
Constant -6.802 -8.043 -6.933 -2.510 -8.234 -3.234
(6.867) (7.034) (6.876) (7.001) (7.042) (7.177)
N 3125 3021 3124 3124 3021 3021
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
r2 0.013 0.016 0.013 0.016 0.016 0.021
adjusted r2 -0.089 -0.089 -0.089 -0.086 -0.089 -0.085
Notes: GDP1=log(GDP) GDP2=GDP*GDP GDP3=GDP*GDP*GDP. t statistics in
parentheses. * p<.05, ** p<.01, *** p<.001.
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5.4.3 Industrial Waste Water Emission
Compared with the two results list above, only the middle school education have
a significant impact on the wastewater industrial emission. That is to say, primary
school education and university education will not significantly change the indus-
trial waste water emission. What is more, the coefficient of the middle school stu-
dent is positive. It means that more students enrolled in the middle school of the
city at that year, more industrial waste water will be emitted into the environment
at the same GDP per capita level.
According to we talked before, the only significant coefficient is positive middle
school coefficient. That is to say, the more of the middle school students that are
enrolled in a city, there will be more industrial waste water emitted.
6 Discussion
6.1 Theory Explanation
Though the results discussed before shows difference among the three of the in-
dustrial emission measurements, they have the same decreasing trend at the end.
Looking back to the results found by other researchers, some of the researchers
observed a decreasing line, some observed a cubic line. Recently, people already
admit that the shape of Environmental Kuznets Curve will vary with the different
conditions.
I agree with that claim. As far as I am concerned, the shape of the Environ-
mental Kuznets Curve depends on the scale of industry production which emits
its unique pollution. I claim that the emission of the industry pollution usually can
be decided by the three factors below:
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1.Pollution Production Efficiency Pollution Production Efficiency is the efficiency
of pollution production. It describes how much pollution will be produced per
one unit of production. Pollution Production Efficiency also decides how much
emission per unit produced will be related, due to the outcome of total pollution
increases will also increase the emissions as a result. In other words, it reflects
the mechanism how well pollution related to production. That relation may be a
linear, quadratic or cubic. The relation depends heavily on different production
functions.Many of the drivers affect the EKC through the production efficiency,
such as education, technology, and new resource using.
2.Industrial Development According to the industry life theory, a new industry
will go through an upcoming period at the beginning, a stable developing period
in middle and decreasing fading period in the end. This pattern of industry devel-
oping is similar to an inverted U-shape Curve. I believe it is not just a coincidence.
As what we discussed in the last paragraph, all industrial emission comes from in-
dustrial production. So, the change of the production or industry scale among the
industry life also makes the pollution into an inverted bell shape. That is part of
the reason why the Environmental Kuznets Curve will always show in an inverted
U-shape.
3. Industry Structure Industry structure will also affect the Environmental Kuznets
Curve. If the industry development decides the change of pollution along time,
industry structure decides the pollution change among different regions. All the
pollution observations are mixed with various industries because there are many
industries exist in the same city. What is more, there are some kinds of pollution
that are related more than one industry. For example, Sulfur Dioxide is not only
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produced by coal-fire power plant also produced by any coal used in industry.
That is to say, Environmental Kuznets Curves can be seen as the sum of separate
manufacturing production curves.
Combined that three factors which can effect Environmental Kuznets Curve, all
of the differences in the EKC shape are easy to understand now.
For the SO2 econometric regression result, it can be concluded that the SO2
will follow the shape of Environmental Kuznets Curve as found by Grossman and
Krueger. Among all the former scholars’ results, SO2 is one of the pollution mea-
sures which follows a quadratic curve very well. In other words, the SO2 emission
industries only will shows in a concentrated period as the developing of the econ-
omy. That also reflects what we saw in the real life: most of the SO2 emission
industries who use coal is a traditional industry. It is common that traditional in-
dustries shows at the beginning of the modernization of a country and finally will
be replaced by cleaner service industries such as finance. After that, the traditional
industry still will exist, but far smaller as compared with its peak period. With the
technology of resource using increasing, the emission will decrease faster than the
increased path along the time. That also can be reflected by the semi-parametric
result of SO2 emission.
And now, why the emission of the smoke is distributed as a constant along the
increase of the GDP can be explained. Constant smoke emission illustrates that
there is smoke producing industry shows one by one in the observed time period.
Smoke is a wider pollution definition rather than sulfur dioxide. There are many
kinds of smoke that can be accounted for the measurement. When smoke is men-
tioned, most of the people will relate to burning of fuel, but that is not all the kinds
of smoke. Smoke not only shows in the process of fuel burning but also shows
in the process of some manufacture of good. Taking the cloth industry for exam-
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ple, when cloth is produced cotton or wool needs be made into a string first. At
that time, smoke can also be produced. That is why the total smoke emission is
not decreasing when one smoke emission industry decreases within the industry.
But from the graph, industrial smoke emission decrease gradually. That is because
technology makes the ‘pollution production’ become ‘less efficient’ or the govern-
ment puts more regulation on smoke emission.
Similar explanation can be applied for industrial waste water emission, since
waste water emission shares a constant emission period.
6.2 Education
According to the three results of education, only primary school enrollment has an
adverse effect on industrial emissions. It does not make sense that middle school
and university enrollment have a positive effect on emissions if we regard enroll-
ment as a describe of education level. The only possible explanation is that the
measurement of the educational attainment is not appropriate to describe educa-
tion level. The numbers of the students are not only related to the education level
in the city but also related to the scale of the education industry.
Primary school’s adverse effect refers that developing of the primary level ed-
ucation will help reduce the industrial emission. On contrast, Middle school’s
positive coefficient indicates that developing of middle school education would
increase pollution emission.
From above analysis, different level of education has different effects on the
industrial emission. If there are more countries’ data included, it will be possible
to figure out if the methods of the teaching have an effect on the industrial emis-
sion(region effect).
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7 Significance
For a long time, how to develop economic is involved in a fierce discussion because
more of the development of human society, more deterioration the environment
would have. There is some scholar holds a passive perspective about develop-
ment. They believe that as the development of the human economy, environment
finally will become so polluted that it is unsatisfied for human to live anymore.
When people began to doubt if human need to keep developing, Environmental
Kuznets Curve was carried out by Grossman and Krueger in 1993. EKC suggests
that finally the industrial pollution will go down itself. Suddenly, EKC becomes a
powerful evidence to prove that the market and economic can adjusts production
itself and finally develops towards to an environment harmless way. Politicians
love that because they can use it as a shield or an excuse for keeping growing GDP
at a fast pace. Due to the politicians, EKC was involved in the center of the debate
once it came out.
No matter the optimism or pessimism, numerous of the scholars have followed
the pace of Grossman and Krueger and tested the Environment Kuznets Curve.
But even lots of works done in the past 20 years, people still do not reach a common
agreement about that. That is because the regression results of EKC always vary
with different data resources and different measurements of emission.
With the theory developing of this paper, I claim that the industrial emission
relates to the ‘product life cycle’. With this assumption and explanation, it would
be explained well why there are different shapes of EKC with the different coun-
tries and different industrial emissions. Also, it is easy to add more drivers with
this assumption.
As I discussed, EKC shows an inverted U-shape curve because the industry
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which emits that pollution has a life circle. Thus, EKC seems not plausible enough
that could support infinite economic development because that just because an-
other kind of industry emission might increase while the previous pollution goes
down. In other words, the decrease of one kind of industrial pollution does not
mean the total pollution reduction. To analysis if the total emission reduction, bet-
ter data and fair measurement of total industrial emission are needed.
But that does not mean I am pessimism. I hold a neutral opinion. Once there
are human activities, there will be pollution. Also I believe some drivers can fi-
nally reduce the industry emission, such as technology improvement. Where will
human finally end depends on what human really want.
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